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Visual Management (VM) is a powerful managerial strategy that can improve the 
performance of construction projects by enhancing the transparency and communication. 
Several VM tools and approaches originally developed in the manufacturing context have 
been implemented in construction. However, the literature has scarce information about 
research on the application of VM as a managerial strategy in construction. 
This study explores the condition of VM in Peruvian construction projects. It 
identifies the VM tools, drivers, maturity level, benefits, and barriers to future 
implementation opportunities by running a national survey, and interviewing construction 
workers on ten different projects.  
The main findings are; (a) the current implementation of VM in Peru is limited, (b) 
the industry type, company type, and project size impact in different ways the application 
of VM, (c) the maturity level of VM application is Medium at Stages 1 and 2, and Low at 
Stage 3, (d) there are also some significant barriers to implementing VM.  
 vii 
Some recommendations to move from Low application to Medium or from 
Medium to High are being presented as the contribution of this research, as well as, 
suggestions for further studies in this topic. 
 The major limitations of this research are that the study discusses the issue mainly 
for the construction phase, and the projects analyzed are highly concentrated in Lima. 
 viii 
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Chapter 1:  Introduction 
PROBLEM STATEMENT 
Visual Management is a powerful managerial strategy that can improve the 
performance of construction projects. Unfortunately nowadays its application is reduced to 
being thought about only as isolated tools instead of as a complete and structured 
methodology. This report explores the Peruvian situation in this regard. 
The Construction Industry represents 5.8% of Peruvian Gross Domestic Product 
(GDP), and it is the fourth biggest sector in the economy (INEI, 2016). Ghio (2001) 
extensively critiques the industry, and its biggest challenges. Inadequate laws, informality, 
lack of consensus, and lack of future vision were identified as the major barriers to improve 
the industry. Since then, there has been a slight but steady growth, and projects have 
become more and more complex. Consequently, the need to optimally allocate limited 
resources to get successful projects cannot be overstated. 
Rajkumar (2010) states that nothing is more important to the success of a project 
than effective communication. About 90% of the time in a project is spent on 
communication by the project manager. Even more, only 7% of the communication in a 
project is verbal, 38% is conveyed through the quality of voice (Audio), and 55% is through 
posture, movements, gesture, facial expressions, colors, and so on (Visual) (Rajkumar, 
2010). Visual elements are a common component of every construction project, and they 
have their root in Toyota Production System (TPS). Examples include: safety signals, color 
fences, panels with relevant information, color-coded helmets, light signals, etc. Many 
studies describe the benefits of different types of visual tools, but research focused on the 
strategies behind those tools are scarce. 
Currently, two areas have clearly demonstrated the potential benefits of visual 
elements when they are applied with formality, legal support, consensus, and foresight: 
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Safety, and Building Information Modeling (BIM). On one side, all over the world, the 
safety regulations for construction projects are rigorous, and everybody even with limited 
knowledge of construction can see how project sites care about safety: they allocate visible 
markers to surround the work spaces, there are informative panels across the project site, 
every color and light has a standard meaning, etc. All these efforts have allowed projects 
to get better indicators regarding safety. On the other hand, BIM has completely changed 
the design coordination process, and nowadays firms that don’t care about it risk being 
pushed out of the market. 
The present report intends to explore Peruvian construction projects in order to 
examine how and which visual tools they apply in their daily activities. Also, it explores 
the drivers of their Visual Management application, the most relevant benefits, and the 
most challenging barriers that they encounter. 
MOTIVATION AND PURPOSE 
The author has experienced working at a General Contractor company in Peru, 
where he was involved in Lean Construction implementation process. He received 
firsthand knowledge about the most challenging barriers to changing the way projects are 
executed. Simplicity, persistence, discipline, and transparency become the keys to making 
the difference regarding Lean Construction. During this process, visual elements helped to 
engage team members with common goals, and objectives. 
The dynamic nature of construction projects keeps team members immersed in 
extensive data, searching, collecting, asking, responding, distributing, etc. All of that 
reduces the chance to collect and analyze valuable information, which makes it crucial that 
they have a strategy that allows them to collect the information that they need with the 
desired quality, at the desired time, at the desired quantity, “at a glance”. 
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The purpose of the present report is to “draw the baseline” for the Visual 
Management application on Peruvian construction projects. It aims to be a starting point 
for further investigation about implementation strategies in the circumstances of a Peruvian 
case study. 
RESEARCH SCOPE 
This study entailed a review of previous work on Visual Management in the 
construction industry. Then, the author conducted a survey involving Peruvian construction 
workers from a variety of companies, types of projects, and years in the industry. Finally, 
the author visited ten construction sites to explore in more detail, documenting graphically 
the status of Visual Management in Peru.  
RESEARCH OBJECTIVES 
The primary objective of this research is to understand the status of Visual 
Management application on construction sites, which it will answer through the following 
secondary objectives: 
 Identify the typical Visual Management tools that are used in Peru 
 Quantify and analyze the impact of industry type, company type, and 
project sizes on Visual Management application 
 Verify the top management support to carry out Visual Management 
implementation 
 List the major benefits that projects identify for Visual Management 
 Isolate the most challenging barriers that projects identify for Visual 
Management implementation  
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ORGANIZATION OF THE THESIS 
The thesis is organized into nine sections, and three appendices containing survey 
templates, interview guidelines, and picture collections. Following this introduction, 
section 2 summarizes the previous literature on this topic. Section 3 explains the research 
methodology and steps to reach the goals outlined above. Section 4 presents a descriptive 
analysis of the survey results. Section 5 shows a cross-tabulation analysis to go beyond the 
descriptive results of the survey. Section 6 describes the maturity-level scale adapted to 
quantify the maturity of Visual Management implementation. Section 7 discusses the 10 
case study projects that were visited by the author. Section 8 synthesizes the results of this 
research and draws conclusions. Section 9 discusses the conclusions made in section 8, and 
makes recommendations for future research. 
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Chapter 2:  Literature Review 
This section aims to overview existing literature about Visual Management, 
including its meaning, origin, applications on construction industry and areas of further 
research.  
VISUAL MANAGEMENT DEFINITION 
 
Examples of Visual Management tools 
 
   
Safety signals. KPI board. Tools label 
 
  
Weekly collaborative plan. Trades panel distribution 
 
  
Room sample. Mistake-proofing element on the slab 
Table 2.1: Examples of Visual Management tools 
Visual Management (VM) is a managerial strategy and a fundamental element of 
the Toyota Production System (TPS) that creates highly visual information fields from 
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which people can pull information for an augmented self-management and control (Ohno, 
1988; Shingo, 1989; Greif, 1991).  
The roots of Visual Management can be found in the “Management by Seeing with 
Eyes” concepts of Taiichi Ohno (1988), and it has been widely used in advanced 
manufacturing plants (Liker and Morgan 2006). According to Tezel et al. (2015), Visual 
Management goes beyond production management in factories, as it can be successfully 
adopted by commercial, educational, IT, healthcare and governmental services, and 
construction organizations.  
VM embodies an important close-range communication strategy based on 
cognitively effective information conveyance. This strategy has been frequently discussed 
in the production management literature. However, the current body of work lacks 
integrated focus and cohesion with an abundance of related terminology from scholarly 
works and consultant books (Tezel et al., 2015) 
Tezel et al. (2015) developed an extensive literature review of Visual Management 
role in production management, and they suggest that existing literature can be divided into 
five distinct categories:  
 Descriptions of Japanese originators and interpreters of the Toyota 
Production System 
 Books by Western and Japanese consultants 
 Scholarly papers on VM 
 Scholarly literature in ergonomics and human factors that touches similar 
phenomena, but with different vocabulary 
 Diverse approaches discussing VM beyond production management 
Some of the terms found in the literature include Visual Management (Imai, 1997; 
Goodson, 2002; Liff and Posey, 2004; Drew et al., 2004; Bonavia and Marin, 2006; Dennis 
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and Shook, 2007; Liker and Hoseus, 2008; Waeyenbergh and Pintelon, 2009; 
Papadopoulos et al., 2011), visual workplace (Greif, 1991; Hirano, 1995; Galsworth, 1997, 
2005), visual controls (Schonberger, 1986; Ohno, 1988; Shingo,1989; Monden,1998; 
Liker,2004; Mann,2005), visual factory (Bilalis et al.,  2002; Aik,2005), shop floor 
management (Suzaki, 1993), visual tools (Parry and Turner, 2006) and visual 
communication (Mestre et al., 1999).  
Even though the abundance of the terminology does not similarly yield detailed 
explanations. Tezel et al. (2015) noted that a distinction and clarification of the connections 
between the different terms is necessary to unify the fragmented discussions: VM is a 
managerial strategy that emphasizes close-range visual communication and is realized 
through different visual tools, including visual controls. A systematic implementation of 
those tools within the VM strategy at a work setting creates a visual workplace in which 
various benefits of VM can be observed. 
VISUAL MANAGEMENT AND LEAN CONSTRUCTION 
Numerous studies suggested that Visual Management is a key approach of Lean 
Production implementation (Tezel et al., 2016; Viana et al., 2014; Formoso et al., 2002). 
However, Galsworth (2005) clarifies the VM and Lean relationship; explaining that VM 
and Lean work hand-in-hand, like the wings of a bird. Neither is more important; they are 
of equal importance. VM builds the detail of work into the physical environment, enabling 
workers to operate precisely and with increasing self-regulation. Lean defines, extends, 
accelerates, and controls the flow of work that Visual spells out, dramatically reducing 
lead-time and flow distance. 
Lean construction research, and consequently Visual Management application in 
Construction Industry, has gained ground in the last twenty years mainly influenced by the 
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formation of the International Group of Lean Construction (IGLC) in 1993, and Lean 
Construction Industry (LCI) in 1997 by Glenn Ballard and Greg Howell (Jacobs, 2010). 
According to Koskela et al. (2002), Lean Construction is a way to design production 
systems to minimize waste of materials, time, and effort in order to generate the maximum 
possible amount of value. One way of seeing these errors and waste is through the 
application of the principle of transparency. (Cardoso and Bastos, 2014).  
Koskela (1992) proposed six practical approaches for the implementation of 
process transparency in construction sites, which are closely related with Ohno’s (1988) 
understanding in “Management by Seeing with Eyes”:  
 Establishing basic housekeeping to eliminate clutter: 5S Method 
 Making the process directly observable through appropriate layout and 
signage  
 Rendering invisible attributes of the process visible through measurements  
 Embodying process information in work areas, tools, containers, materials 
and information systems  
 Utilizing visual controls to enable any person to immediately recognize 
standards and deviations from them  
 Reducing the interdependence of production units (focused factories) 
RESEARCH STUDIES ABOUT VISUAL MANAGEMENT  
Although previous literature has increasingly reported on VM applications in 
construction, research on the implementation of this managerial strategy is relatively scarce 
(Tezel et al., 2015). The existing VM research focuses generally on the application of a 
specific VM tool rather than the VM strategy itself. There is little discussion on VM 
systems that combine different visual tools functioning together for different purposes. 
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Existing studies have a narrow focus, they most frequently examine the 
applicability of a specific VM tool, such as Kanban, andon, prototyping, and poka-yoke 
(Tezel et al., 2015). Other studies discuss how to increase process transparency in 
construction. However, transparency is one of the main outcomes of VM strategy, not the 
strategy itself. For instance, some papers describe successful applications of the Kanban 
concept for material supply (Arbulu, 2009). Khalfan et al. (2008) reported the use of a 
Kanban system to deliver selected products from suppliers and off-site manufacturers on a 
just-in-time basis. Another VM practice that has been widely disseminated in construction 
is the 5S housekeeping program (Yang et al., 2004). VM tools that have contributed to 
improving project performance in terms of eliminations of waste, validation of products by 
the client, and identification of safety risks are strongly connected to the aim of reducing 
variability, virtual prototyping, physical prototyping (Saffaro et al., 2006), and first run 
studies (Ballard and Howell, 2003). 
Other applications of VM tools focus on production, planning and control, 
including the use of Kanban cards (Jang and Kim, 2007), control panels (Viana et al., 
2013), and performance charts (Bryde and Schulmeister, 2012). Despite recent advances, 
such as Building Information Modelling (BIM) and mobile computing (Sacks et al., 2009), 
very little has been reported on the use of advanced information technology (Tezel et al., 
2015). 
Visual systems have also been used to support safety management using safety 
advisory boards, mandatory safety devices, such as guardrails or fool-proof devices (Tezel 
et al., 2015). This poor conceptual clarity and the scattered, narrow-scoped literature, which 
allow us to see only limited aspects to VM leads to a mismatch between the proposed 
benefits of VM and those achieved in practice (Tezel, Koskela, and Tzortzopoulos, 2015). 
Heineck at al. (2002), Formoso et al. (2002), and Tezel et al. (2013, 2015, 2016) undertook 
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wide-scope studies in order to analyze the potential benefits of VM as a strategy, and 
understand the status of its application in the industry. 
Heineck et al. (2002) presented a case study which indicated that process 
transparency can be substantially increased on construction sites by making relatively 
simple, low-cost changes in the site layout and the product design, along with 
improvements in working drawings, activity sequencing, and labor relations. Formoso et 
al. (2002) investigated how process transparency principles can be applied in construction 
sites, and identified existing barriers for its implementation in the construction industry. 
Their work is based on a literature review, and on six exploratory case studies carried out 
in Brazil and England. Tezel et al. (2013, 2015, 2016) offer extensive investigations of VM 
implementation opportunities. Their research includes exploratory studies in England and 
Brazil, and points out problems in the understanding of VM and discusses potential 
opportunities to improve the industry through VM.  
In 2015, Tezel et al. (2015) analyzed data from nine construction companies located 
in Brazil. The data included: the purpose of VM; VM tools and their features; how 
companies acquire VM practices for future use; suggestions for implementation at other 
companies; issues faced by the companies in the implementation of VM; and measurement 
of VM performance. The study proposed 14 taxonomy elements based on: purpose, 
application method, and managerial goals. The data indicated not only that VM had been 
used in sites on a wider scale than previously assumed, but also that implementation 
barriers were relatively simple to address. The most frequently cited barriers were the time 
it takes to train the workforce, worker’s resistance to change, high workforce turnover, 
workers being afraid of making mistakes when using VM tools, and not properly defining 
the responsibilities in implementation. 
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The following year, Tezel et al. (2016) identified the current VM conditions with 
its realization means (VM tools), drivers, barriers, and future implementation opportunities 
in England’s highways construction supply chain. The study found that VM application is 
limited, particularly in terms of its deployment on the construction areas, outside of the site 
offices and compounds. Also, it was found that the shared visual information with the site 
personnel is mostly limited to generic health and safety information on mobile 
boards/trailers/vans. Furthermore, the work suggests that the projects used VM in similar 
ways; the most commonly used VM tools were visual performance boards displaying 
various project KPIs in the offices.  
The researchers found that site personnel wanted to see more varied information 
beyond health and safety, including schedule, quality and process related information. 
They also identified as main barriers to improve VM application: lack of awareness of VM, 
limited view of VM, lack of senior management’s support and ownership, and lack of the 
business advantages of VM (problems in quantifying its benefits for senior management). 
Several researchers have previously tried to summarize the different tools and 
application of Visual Management within the construction industry from a variety of 
approaches. For example, Galsworth (1997) establishes four categories for visual tools:  
 Visual indicators: information is simply displayed, and compliance or 
adherence to its content is voluntary (e.g., safety advisory boards) 
 Visual signals: this kind of visual device first catches the attention and then 
delivers its message (e.g., sirens of trucks in movement on site) 
 Visual controls: attempts to impact behavior by structuring or building a 
message directly into the physical environment while putting physical limits 
in place (e.g., speed bumps)  
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 Visual guarantees: designed to ensure that only the right thing happens, also 
known as mistake-proofing or poka-yoke devices (e.g., electronic circuits 
that prevent the movement of elevators when the door is open). 
However, her approach is mainly focus on manufacturing rather than construction 
where there are additional challenges: Construction sites are changing environments, the 
site layout undergoes several modifications throughout the project, and construction sites 
are relatively large places where different crews spread out (Formoso et al. 2002). 
Koskela (1992) proposed six practical approaches for the process transparency 
implementation in construction sites: reducing the interdependence between production 
units, using visual devices to enable immediate recognition of process status, making the 
process directly observable, incorporating information into the process, keeping a clean 





































A. Removing visual barriers 
_ _ 
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C. The 5S program 
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D. Production control 
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E. Production leveling 
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G. Prototyping and sampling 
_ _ _ 
X 
_ _ 
H. Visual signs 
_ _ _ 
X 
_ _ 
I. Work facilitators 
_ _ _ 
X 
_ _ 
J. Improvisational VM 
_ _ _ 
X 
_ _ 
K. Performance management 
through VM 
_ _ _ _ _ 
X 
L. Distributing system wide 
information through VM 
_ _ _ 
X 
_ _ 
M. Mistake proofing systems 
_ 
X 
_ _ _ _ 
N. On-site prefabrication X 
_ _ _ _ _ 
Table 2.2 continued  
After extensive exploratory study in Brazil, Tezel et al. (2015) proposed fourteen 
taxonomic elements based on the six practical approaches that were suggested by Koskela 
(1992). Table 2.2 presents the application details involved in those elements. 
Tezel et al. (2015) also proposed three implementation levels to measure the 







Level Visual Management tools 
Initial Steps 
Visual signs, improvisational VM, performance management, 
system-wide information, VM in standardization, removal of 
visual barriers  
Second Level 




VM in production leveling, prototyping and sampling, mistake 
proofing, on-site prefabrication, 5S 
Table 2.3: Levels of VM implementation (Tezel et al. 2015)  
VISUAL MANAGEMENT IN PERU  
Lean Construction effort got a boost in Peruvian construction industry in 2011 
when six General Contractor firms and Pontifical Catholic University of Peru formed the 
LCI Peruvian Chapter. They joined efforts to share their knowledge, experience, and to 
disseminate Lean principles across the country’s construction industry. The main objective 
of the LCI Peruvian Chapter is to raise the level of professionalism and efficiency of the 
industry (Orihuela, 2011). However, as mentioned above, most of the studies focused only 
on the specific application of tools instead of analyzing the management strategies. This 
has diminished VM as just a support tool of Last Planner System® (Ballard, 2000) 
implementation.    
Ghio (2001) published an extensive investigation and critique of Peruvian 
construction productivity and potential opportunities to improve it through Lean 
Construction tools application. Since then, there have not been similar studies analyzing 
the industry as a whole. Conversely, they have focused on specific project case studies. 
Ghio (2001) found that labor productivity in Peruvian construction projects was around 
28%, and Morales and Galeas (2006) updated this information with similar analyses. They 
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found that after six years of more emphasis on the application of tools suggested by Ghio, 
the labor productivity remained stuck at 31.5%. These statistics show that there is still a lot 
of room for improvement and that focusing just on tools application is not enough to make 
the change in the industry, although it is fundamental to understanding and implementing 
management strategies. 
SUMMARY OF RESEARCH RESULTS 
 
Year Author Research contribution 
1988 T Ohno 
Is one of the pioneers in highlighting the benefits of Visual 
Management 
1991 M Greif 
Published his book “Visual Factory”, which describes the 
benefit of having visual workplaces  
1992 L Koskela 
Proposed a new production theory. He explains the concepts of 





Proposed the theory of Lean Production 
1997 G Galsworth 
Published her book “Visual Systems”, which points out the 




Founded Lean Construction Institute.  
2001 V Ghio 
Researched the productivity rates of Peruvian construction 
industry 
2002 C Formoso 
Investigated how process transparency principles could be 
applied in construction sites 
Table 2.4: Summary of Research Results 
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2002 M Heineck 
Presented a case study that shows how process transparency on 
construction sites can be substantially increased by simple, and 
low-cost changes 
2004 Yang 
Studied 5S housekeeping programs as another VM practice that 








Studied the application of the Toyota Way in services, where 
they state that Visual Management is a fundamental block 
2007 L Koskela Updated his TFV theory  
2009 R Arbulu 
Researched the benefits of Kanban (VM practice) in material 
management 
2011 P Orihuela Founded Lean Construction Institute, Chapter Peru.  
2013 A Tezel 
Presented a case study of VM application on an industrial 
construction project 
2014 D Viana Researched the role of Visual Management in construction 
2015 A Tezel Published a literature review of Visual Management  
2015 A Tezel 
Presented an exploratory study of VM in Brazilian construction 
projects 
2016 A Tezel 
Presented an exploratory study of VM in infrastructure projects 
in England 
Table 2.4 continued  
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Chapter 3:  Research Methodology 
RESEARCH FRAMEWORK 
This study has been conducted to explore the status of Visual Management 
application in Peruvian construction industry. The main questions of this study are as 
follows: 
 What Visual Management tools are typically used in Peruvian construction 
projects? 
 Is there any relationship between industry type, company role or project 
sizes and Visual Management application? 
 What processes, organizational arrangements, and technologies are used to 
support the implementation of Visual Management? 
 What are the major benefits of Visual Management? 
 What are the major barriers to Visual Management implementation?  
The researcher began the current study by reviewing the existing literature on Visual 
Management and exploratory studies of its application on construction industry. After that, 
a comprehensive national survey was designed to ascertain stakeholders’ perspectives. As 
the study was focused on exploring the Visual Management application on Peruvian 
construction projects, the unit of analysis was identified as that of a project. In presenting 
the profile of companies and respondents with the subsequent results and discussions, the 
data aggregation emphasis is on the projects level, rather than on the individual respondents 
or companies levels. It should however be pointed out that the questionnaires were targeted 
at key stakeholders with prior knowledge pf the Peruvian construction industry. The Figure 
3.1 shows the schematic version of the research methodology of the study. 
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Understand prior research 
about VM application in 
Construction, and its status 
in Peru 




Find out “what” VM tools 
are used in Peruvian 
construction projects 
Peruvian construction 
workers’ perspectives on 
which VM tools are used 




Find out what factors, 
affect the use of VM tools 
Statistical inference about 
the most influent factor 
Maturity Level 
Analysis 
Find out the maturity level 
of VM in Peru 






projects apply VM tools 
Status, barriers, benefits, 
and strategies of VM 
application in Peru 
Table 3.1: Research framework 
As can be seen in the research process, after completing the literature review, the 
research shifted to analyze the results of a survey that was run between April and June 
2017. The resulting analysis has three main phases: (1) the descriptive statistical analysis; 
(2) the cross-tabulation analysis, and (3) the maturity level analysis. 
The survey was elaborated, distributed, and collected using the Qualtrics platform. 
Qualtrics is the preferred tool for the University of Texas at Austin surveys because it meets 
the stringent information security requirements not found in most free online survey tools. 
It also has valuable quality control features, such as preventing multiple submissions from 
a single survey participant.  
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The statistical analysis was developed using StatTools and MS Excel. StatTools is 
a statistics toolset for spreadsheets that covers the most commonly used statistical 
procedures such as forecasting, regression, quality control charts, and others.  
The interviews and field visits were done between May and June 2017. The author 
visited 10 construction projects in Peru. Most of the projects were for residential buildings 
located in Lima.  
The scope and methodological limitations of the research are identified and 
discussed throughout the report. Finally, this research led to the conclusions for future 
research. 
THE SURVEY  
The survey distributed to the construction industry workers (506 potential 
respondents, 14% of response rate, 73 responses1), comprised three distinct sections as 
follow: 
 Section 1: Questions 1-4 covered general demographics of the respondent 
(e.g. type of industry, type of company, and years of experience). 
 Section 2: Questions 5-9 covered general information on the respondent’s 
previous projects (e.g. budget, duration). 
 Section 3: Questions 10-18 focused on Visual Management tools 
application. This section was divided into three sub-sections, the Visual 
Management Levels are explained further in this chapter: 
o VM Level 1: Visual Management tools to improve the 
communication of relevant information in site offices and the field 
(Questions 10-13). 
                                                 
1 Out of 73 responses, a total of 63 responses were obtained. The remaining 10 questionnaires were 
returned incomplete. 
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o VM Level 2: Visual Management tools to improve process 
understanding and control (Questions 14-16). 
o VM Level 3: Visual Management tools to continuously improve 
processes (Questions 17-18).  
Survey administration and sampling strategy 
As the purpose of this study is descriptive and exploratory, the recommended 
research strategy is that of an analytical survey. Saunders et al. (2007) note that the 
questionnaire is one of the most widely used data collection techniques within the survey 
strategy. Because each person is asked to respond to the same set of questions it provides 
an efficient way of collecting responses from a large sample. 
Relevant to the sampling strategy, the questionnaire was designed and distributed 
electronically using Qualtrics web site, the preferred and secure tool for conducting surveys 
at The University of Texas at Austin.  
Qualtrics is a cloud-based survey service that provides a variety of channels to 
distribute surveys. This study used the email form, so a unique survey link was sent to each 
potential respondent. It was anticipated that some participants may not be willing to 
complete the survey. In order to increase the number of respondents and possibility of 
success, the questionnaire was sent to 506 potential respondents working actively in 
construction industry. 
Determination of sample size 
Since the present work is a qualitative analysis, it requires a smaller sample size 
than quantitative analyses. The sample size should be large enough to obtain feedback for 
most or all perceptions, which lead to attainment of saturation. Saturation occurs when 
adding more participants to the study does not result in additional perspectives of 
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information.  There are no specific rules to determine an appropriate sample size in 
qualitative research. Qualitative sample size may best be determined by the time allotted, 
resources available, and study objectives (Patton, 1990). For an ethnography and grounded 
theory, Morse (1994) suggests approximately 30-50 participants, while Creswell (1998) 
suggests only 20 - 30.  For phenomenological studies, Creswell (1998) recommends 5-25 
and Morse (1994) suggests at least 6.   
Statistical analysis of data 
The data collected were analyzed using the Qualtrics, MS Excel, and StatTools®. 
Three types of analysis were conducted: 
 Descriptive statistics, which is explained in detail in this chapter 
 Cross-tabulation analysis (section 5) 
 Maturity level analysis (section 6)  
  
 22 
Chapter 4:  Overview of Visual Management in Peru 
This chapter explores the results of a comprehensive survey that was designed by 
the author, to ascertain Peruvian construction workers’ perspectives on Visual 
Management application. As the study was focused on understanding the tools associated 
with the Visual Management strategy at field and site offices, the unit of analysis was 
identified as that of a project. Hence, the data aggregation, processing, and discussion of 
results are largely concerned on projects, rather than individual respondents or 
organizations.  
SECTION 1: GENERAL DEMOGRAPHICS 
Type of Industry 
The first question that respondents were required to answer was the type of industry 
their companies are involved in. As shown in Table 4.1, most of the companies are involved 
in Industrial construction and Residential buildings (20.9% and 20.2% respectively). 
 
Type of Industry Abbreviation Frequency % 
Industrial construction IND 27 20.9% 




Office building 16 12.4% 
Retail building 16 12.4% 
Healthcare building 10 7.8% 
Others  14 10.9% 
Total  129  
Table 4.1: Types of Industry that respondent’s companies are involved in. 
 23 
 
Figure 4.1: Chart View of Types of Industry that respondent’s companies are involved 
in. 
As it was a multiple-choice question, many respondents indicated that their 
companies were involved in more than one type of industry. Table 4.2 shows that 41 of the 
64 companies only reported one industry type, while 20 could be categorized as 
multidisciplinary companies. 
 








IND, INF 3 
20 
IND, BLD 8 
INF, BLD 5 
IND, INF, BLD 4 
 Others 3 
 
Total  64 
Table 4.2: Types of Industry by Category 
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Type of Company 
In the next question, the participants were required to identify the type of company 
they belong. The results indicate that 37 of the 63 participants classified their companies 
General Contractors. 
 
Company Frequency % 
Owner 6 9.5% 
Owner representative 4 6.4% 
General Contractor 37 58.7% 
Subcontractor 1 1.6% 
Engineering consultant 8 12.7% 
Architect consultant 0 0.0% 
Fabricator or Vendor 3 4.8% 
Others 4 6.4% 
Total 63 100% 
Table 4.3: Types of Companies surveyed 
 
Figure 4.2: Chart of Types of Companies surveyed 
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Participants profile 
The Table 4.4 summarizes the role and experience profile of the respondents. 27 
of the participants had 5 to 10 years of experiences. 24 of the participants were also 
Project or Construction Manager. (The two higher values are shown in bold) 
 
 Years of experience  
0-5 5-10 10-15 15-20 Total 
Role 
Manager 1 8 7 8 24 
Functional Leader 4 12 4 3 23 
Staff member 4 7 2 3 16 
Others 0 0 0 2 2 
 Total 9 27 13 16 65 
Table 4.4: Participants Role and years of experience 
SURVEY SECTION 2: PROJECTS PROFILE 
This section shows the results on the budget, duration, and manpower of the 
surveyed projects. The author defined three groups of project sizes to conveniently 
categorize the survey results: 
 Small projects: Budget less than $10M 
 Medium projects: Budget between $10M and $50M 









Duration (months)  
< 12 12-24 > 24 Total 
Small < 10  20 6 2 28 
Medium 10 – 50 3 10 2 15 
Large > 50  3 8 9 20 
 Total 26 24 13 63 
Table 4.5: Projects’ Budget and Duration  
SURVEY SECTION 3: VISUAL MANAGEMENT APPLICATION 
Frameworks categorization 
The author based the VM tools categorization on Tezel et al.’s frameworks with 
some adjustment to power the implementation levels, and avoid potential confusion about 
the existing taxonomy types. For example, differences between “Visual signs” and 
“Distribution of system wide information”, or “Production Control” and “Production 
Leveling”, were not quite clear. For this reason, they were combined. Table 4.6 shows the 
survey questions structure, and its relationship with the fourteen taxonomy types. 
Furthermore, the Figure 4.3 shows VM tools examples that were used in the survey. 
 
Survey Questions topics about VM Taxonomy Types (Tezel et al. 2015) 
-- A. Removal of visual barriers 
Q1: VM to communicate relevant 
information 
H. Visual signs 
L. Distribution of system-wide 
information  
Q2: VM with improvisational elements J. Improvisational VM 
Q3:  VM with standardized elements B. Standardization 
Table 4.6: Survey questions topics structure  
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Survey Questions topics about VM Taxonomy Types (Tezel et al. 2015) 
Q4: Performance Management through 
VM  
K. Performance management through VM 
Q5: VM to assign/understand processes I. Work facilitators 
Q6: VM to production control and leveling 
D. Production control 
E. Production leveling 
Q7: VM to in-station quality control F. In-station quality 
Q8: Prototypes and samples G. Prototyping and sampling 
Q9: VM to mistake-proofing systems M. System mistake proofing 
Q10: 5S Methodology C. The 5S program 
-- N. On-site prefabrication 
Table 4.6 continued  
 
Q1: VM to communicate relevant information 
 
Q2: VM with improvisational elements 
 
Q3:  VM with standardized elements 
Figure 4.3: VM tools examples used in the survey 
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Q4: Performance Management through VM 
 
Q5: VM to assign/understand processes 
 
Q6: VM to production control and leveling 
 
Q7: VM to in-station quality control 
 
Q8: Prototypes and samples 
 
Q9: VM to mistake-proofing systems 
Figure 4.3 continued 
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Similarly, Table 4.7 shows the Maturity level established for all the analyses in the 
present works (adapted from Tezel (2015)’s implementation levels). 
 
Maturity Level Survey Questions topics about VM 
Visual Management Level 1 
(VM L1) 
Q1: VM to communicate relevant information 
Q2: VM with improvisational elements 
Q3:  VM with standardized elements 
Q4: Performance management through VM  
Visual Management Level 2 
(VM L2) 
Q5: VM to assign/understand processes 
Q6: VM in production control and leveling 
Q7: VM in in-station quality control 
Visual Management Level 3 
(VML3) 
Q8: Prototypes and samples 
Q9: VM to mistake-proof systems 
Q10: 5S Methodology 
Table 4.7: VM Maturity Levels. Adapted from Tezel et al. 2015  
Overall results 
Table 4.8 shows the Likert scale results of the 10 questions about Visual 
Management application that were queried in the survey. The highest value in each row 
has been shaded gray. This shadow shows a slight tendency from upper-left to lower-right. 
Therefore, it could be inferred that basic VM tools (questions 1,2,3, and 4) are used with 












































Q1: VM to communicate relevant 
information 
62 48% 34% 15% 3% 0% 100% 
Q2: VM with improvisational 
elements 
63 13% 21% 16% 16% 35% 100% 
Q3:  VM with standardized elements 63 57% 33% 8% 0% 2% 100% 
Q4: Performance Management 
through VM  
63 33% 41% 16% 6% 3% 100% 
Q5: VM to assign/understand 
processes 
61 30% 56% 15% 0% 0% 100% 
Q6: VM to production control and 
leveling 
61 16% 26% 34% 18% 5% 100% 
Q7: VM to in-station quality control 61 18% 25% 26% 20% 11% 100% 
Q8: Prototypes and samples 61 18% 15% 25% 28% 15% 100% 
Q9: VM to mistake-proofing 
systems 
61 18% 36% 25% 16% 5% 100% 
Q10: 5S Methodology 63 13% 25% 14% 17% 30% 100% 
Table 4.8: VM tools applied in Peruvian construction projects  
Using the Maturity level approach discussed previously, Table 4.9 shows the results 
grouped in three levels. It a color gradient was added using Conditional Formatting tool 
from Excel®, which helps to identify possible tendencies. For VM Level 1, there is a clear 
preference for “Always” and “Most of the time”. Similarly, VM Level 2 has more 
respondents choosing “Most of the time”. On the other hand, VM Level 3 does not present 
a clear tendency or concentration, but has a more-or-less even spread across answers.  
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VM Level 1 251 38% 32% 14% 6% 10% 100% 
VM Level 2 183 21% 36% 25% 13% 5% 100% 
VM Level 3 185 16% 25% 21% 21% 17% 100% 
Table 4.9: VM tools applied in Peruvian by Maturity Levels  
The following chapters will discuss a statistical analysis of the results presented in 
this section. In order to handle these quantitative analysis, the author weighted the Likert 
scale as in Table 4.12:  
 
Likert Scale Score 
Always 5 
Most of the time 4 
About half of the time 3 
Sometimes 2 
Never 1 
Table 4.10: Weighted Likert scale for this report 
  
 32 
Chapter 5:  Cross-tabulation Analysis of Visual Management Survey 
This chapter was designed to determine the effects of industry type, company type, 
and project type on Visual Management (VM) tools application. To address this issue, 
paired t-tests and non-parametric tests were employed to determine what, if any, effect the 
industry, company, and project characteristics have on Visual Management application.  
STATISTICAL ANALYSIS 
The statistical analysis in this chapter will be explained following these three main 
steps: 
 Assessing Normality 
 Hypothesis and Statistical Test 
 Results discussion 
Assessing Normality 
A common assumption in many inferential statistical methods for numeric values 
(including t-tests, ANOVA, and linear regression) is that observations are distributed 
normally. In cases where this assumption is not held, or where it is difficult to assess, it 
will be necessary to use non-parametric tests.  
The most common test to assess normality is the chi-square goodness-of-fit test. 
However, this test is not very effective with sample sizes less than 80. In these cases, the 





Hypothesis and Statistical Test 
Since the analysis focuses on comparing the effects of industry, company, and 
project in Visual Management application, the hypotheses could vary depending on the 
normality of the samples. 
In cases where the normality is proven, it will be possible to use a t-test or ANOVA 
test, and the hypotheses will be as follows: 
H0: The population mean in the two groups are the same 
HA: The population mean in the two groups are not the same 
On the other hand, when the normality is hard to prove, the statistical analysis is 
limited, and the hypotheses will be as follows: 
H0: The population distributions in the two groups are the same 
HA: The population distributions in the two groups are not the same 
In these cases, this report uses an alternative test called Mann-Whitney U-test (also 
called the rank-sum test, or Wilcoxin-Mann-Whitney test. 
Results discussion 
The following sections will summarize the most significant findings of the 
statistical tests. 
VISUAL MANAGEMENT BY INDUSTRY TYPE 
Section 3 of the survey asked respondents about the type of industries their 
companies are involved in. The results ranged from specialized companies focused just on 
buildings, infrastructure, or industrial projects to bigger companies that are involved in 
more than one industry. In this section, companies that develop buildings projects, 
industrial projects and infrastructure projects, hereafter will be referred to as “Building”, 
“Industrial” and “Infrastructure”, respectively. 
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This section explores, through paired comparison, whether or not Visual 
Management tools application varies with the type of industry. The findings will be 
presented in three paired comparisons as follows:  
 Building vs. Industrial  
 Building vs. Infrastructure  
 Industrial vs. Infrastructure  
Building vs. Industrial 
Assessing Normality 
As it is shown in Table 5.1, the samples sizes are less than 80 in all cases. The chi-
square goodness-of-fit test is not very effective to prove normality under these 
circumstances (Albright and Winston, 2015). Thus, the normality is tested through the 






VM Level 1 VM Level 2 VM Level 3 
Building 
1 7 4 8 
2 3 5 12 
3 7 18 15 
4 29 23 19 
5 30 7 3 
Total 76 57 57 
Industrial 
1 7 2 5 
2 4 1 4 
3 6 8 9 
4 10 14 9 
5 25 14 12 
Total 52 39 39 
Table 5.1: Building and Industrial Data: Sample size and frequency 
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 Test Stat. 0.29 0.24 0.20 














 Test Stat. 0.27 0.24 0.18 








Table 5.2: Lilliefors test results: Building vs Industrial samples. 
In the Lilliefors test, if the test statistic is larger than CVal, the null hypothesis 
(normality) can be rejected at the corresponding significance level. Therefore, Table 5.2 
shows that at 5% of significance level, the null hypothesis can be rejected. Consequently, 
it will be necessary to use non-parametric tests.  
Hypothesis and Statistical Test 
The non-normality condition of the data limits the statistical analysis. The 
hypothesis focuses on comparing the population distribution of the groups. The results will 
show if the use of VM tools in Buildings is the same that in Industrials.  
H0: The population distributions in the two groups are the same 
HA: The population distributions in the two groups are not the same 
A Mann-Whitney U-test was conducted to compare the population distribution. 
This test is an alternative to the two-sample independent t-test when the data fails the 
normality assumption or if the sample sizes in each group are too small to assess normality. 
Table 5.3 summarizes the results calculated with StatTools®.  
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Industry Sample Statistics VM Level 1 VM Level 2 VM Level 3 
Building 
Size (n) 76 57 57 
Mean 3.95 3.42 2.95 
Industrial 
Size (n) 52 39 39 
Mean  3.81 3.95 3.49 
ρ value 0.99 0.01 0.03 
Null Hypoth at 5% significance Don’t Reject Reject Reject 
Table 5.3: Mann-Whitney U test results: Building vs Industrial 
Results discussion 
A Mann-Whitney U test was conducted to compare the Visual Management tools 
application score (based on Likert scale) in Buildings and Industrials. There was significant 
evidence to suggest that Buildings and Industrials have different scores of VM application 
at the ρ <0.05 for the Levels 2 and 3. Furthermore, the mean scores show that both in VM 
Level 2 and Level 3 Industrials have greater scores than Buildings.  
Building vs. Infrastructure 
Assessing Normality 
Table 5.4 shows the sample size and frequency distribution of Building and 
Infrastructure. As previously mentioned, the chi-square goodness-of-fit test is not very 
effective to prove normality with samples less than 80 (Albright and Winston, 2015). Thus, 









VM Level 1 VM Level 2 VM Level 3 
Building 
1 7 4 8 
2 3 5 12 
3 7 18 15 
4 29 23 19 
5 30 7 3 
Total 76 57 57 
Infrastructure 
1 2 1 8 
2 2 7 6 
3 4 5 3 
4 11 3 3 
5 13 5 2 
Total 32 21 22 
Table 5.4: Building and Infrastructure Data: Sample size and frequency 







 Test Stat. 0.29 0.24 0.20 
















Test Stat. 0.26 0.20 0.23 
CVal (5% Sig. Level) 0.15 0.19 0.18 







Table 5.5: Lilliefors test results: Building and Infrastructure samples. 
In the Lilliefors test, if the test statistic is larger than CVal, the null hypothesis of 
normally distributed data can be rejected at the corresponding significance level. Table 5.5 
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shows that at 5% of significance level, the null hypothesis can be rejected. Consequently, 
it will be necessary to use non-parametric tests.  
Hypothesis and Statistical Test 
In this case, the hypotheses focus on comparing the population distributions of the 
Building and Infrastructure group. The results will show if the use of VM tools in Buildings 
is the same that in Infrastructures.  
H0: The population distributions of the two groups are the same 
HA: The population distributions of the two groups are not the same 
A Mann-Whitney U test was conducted to compare the population distribution. 
This test is an alternative to the two-sample independent t-test when the data fails the 
normality assumption or if the sample size in each group is too small to assess normality. 
The Table 5.6 summarizes the results calculated with StatTools®.  
 
Industry Sample Statistics VM Level 1 VM Level 2 VM Level 3 
Building 
Size (n) 76 57 57 
Mean 3.95 3.42 2.95 
Infrastructure 
Size (n) 32 21 22 
Mean  3.97 3.19 2.32 
ρ value 0.99 0.37 0.04 
Null Hypoth at 5% significance Don’t Reject Don’t Reject Reject 
Table 5.6: Mann-Whitney U test results: Building vs Infrastructure. 
Results discussion 
A Mann-Whitney U test was conducted to compare the VM tools application score 
(based on Likert scale) in Buildings and Infrastructure. There was significant evidence to 
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suggest that Buildings and Infrastructure have different scores of VM application at the ρ 
<0.05 for Level 3. Furthermore, the mean scores show that for VM Level 3, Building has 
a greater score than Infrastructure. 
Industrial vs. Infrastructure 
Assessing Normality 
Table 5.7 shows the sample size and frequency distribution of Industrial and 
Infrastructure. Here again, the chi-square goodness-of-fit test is not very effective to prove 
normality. Hence, the normality was tested through the Lilliefors test, and the results are 






VM Level 1 VM Level 2 VM Level 3 
Industrial 
1 7 2 5 
2 4 1 4 
3 6 8 9 
4 10 14 9 
5 25 14 12 
Total 52 39 39 
Infrastructure 
1 2 1 8 
2 2 7 6 
3 4 5 3 
4 11 3 3 
5 13 5 2 
Total 32 21 22 
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Test Stat. 0.26 0.20 0.23 








Table 5.8: Lilliefors test results: Industrial and Infrastructure samples. 
In the Lilliefors test, if the test statistic is larger than CVal, the null hypothesis of 
normally distributed data can be rejected at the corresponding significance level. Therefore, 
as Table 5.8 shows, at 5% of significance level, the null hypothesis can be rejected. 
Consequently, it will be necessary to use non-parametric tests.  
Hypothesis and Statistical Test 
In this case, the hypotheses focus on comparing the population distributions of the 
Industrial and Infrastructure group. The results will show if the use of VM tools in the 
Industrial group is the same as that in the Infrastructure group sizes in each group are too 








Industry Sample Statistics VM Level 1 VM Level 2 VM Level 3 
Industrial 
Size (n) 52 39 39 
Mean 3.80 3.95 3.49 
Infrastructure 
Size (n) 32 21 22 
Mean  3.97 3.19 2.32 
ρ value 0.97 0.02 0.003 
Null Hypoth at 5% significance Don’t Reject Reject Reject 
Table 5.9: Mann-Whitney U test results: Industrial vs Infrastructure. 
Results discussion 
A Mann-Whitney U test was conducted to compare the Visual Management tools 
application score (based on Likert scale) in Industrial and Infrastructure. There was 
significant evidence to suggest that Industrial and Infrastructure have different scores of 
VM application at the ρ <0.05 for Levels 2 and 3. The mean scores show that for VM Level 
2 and 3, Industrial has greater scores than Infrastructure. 
Section Summarize 
Taken all together, these results suggest that industry type has an effect on VM 
application score. Specifically, the results suggest that at VM Level 1, the scores for all the 
three groups are the same. At VM Level 2, the score for Industrial is greater than the scores 
for both Building and Infrastructure, which have the same score. Finally, at VM Level 3, 









VM Level 1 Building = Industrial = Infrastructure 
VM Level 2 
Industrial > Building;  
Industrial > Infrastructure 
VM Level 3 Industrial > Building > Infrastructure 
Table 5.10: Visual Management by Industry Type: Results Summary. 
VISUAL MANAGEMENT BY COMPANY TYPE 
In another question of the survey, the participants were required to identify which 
type of company they work for. The results in this section are grouped in three types: 
General Contractors (GC), Owners (include “Owner” and “Owner Representative” options 
of the survey), and Designers (include “Engineering Consultant” option of the survey).  
This section uses paired comparison to examine whether or not Visual Management 
tools application varies with company type. The findings will be presented in three sub-
sections as follows:  
 GC vs. Owner  
 GC vs. Designer  
 Owner vs. Designer  
GC vs. Owner 
Assessing Normality 
Table 5.11 shows the samples sizes and frequency distribution. Although GC 
sample size is larger than 80, it is not recommended to use chi-square goodness-of-fit test 
to assess the normality due to the small size of Owner sample. Hence, the normality was 







VM Level 1 VM Level 2 VM Level 3 
GC 
1 12 6 16 
2 8 14 23 
3 16 27 22 
4 50 39 29 
5 61 22 19 
Total 147 108 109 
Owner 
1 6 4 8 
2 3 0 4 
3 10 9 7 
4 10 6 5 
5 11 8 4 
Total 40 27 28 
Table 5.11: GC and Owner Data: Sample size and frequency distribution 
In the Lilliefors test, if the test statistic is larger than CVal, the null hypothesis of 
normally distributed data can be rejected at the corresponding significance level. Therefore, 
Table 5.12 shows that at 5% of significance level, the hypothesis of normality can be 
rejected. Consequently, it will be necessary to use non-parametric tests.  
 




Test Stat. 0.27 0.23 0.19 












 Test Stat. 0.19 0.20 0.18 








Table 5.12: Lilliefors test results GC vs Owner samples. 
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Hypothesis and Statistical Test 
The non-normality condition of the data limits the statistical analysis. It is not 
possible to use t-tests to compare the mean or median. Therefore, the hypotheses focus on 
comparing the population distributions of the groups. The results will show if the use of 
VM tools in GCs is the same as in Owners.  
H0: The population distributions in the two groups are the same 
HA: The population distributions in the two groups are not the same 
A Mann-Whitney U test was conducted to compare the population distribution. 
This test is an alternative to the two-sample independent t-test when the data fails the 
normality assumption or if the sample sizes for each group are too small to assess 
normality. Table 5.13 summarizes the results calculated with StatTools®.  
 
Company Sample Statistics VM Level 1 VM Level 2 VM Level 3 
GC 
Size (n) 147 108 109 
Mean 3.95 3.53 3.11 
Owner 
Size (n) 40 27 28 
Mean  3.43 3.52 2.75 
ρ value 0.02 0.86 0.22 
Null Hypoth at 5% significance Reject Don’t Reject Don’t Reject 
Table 5.13: Mann-Whitney U test results: GC vs Owner. 
Results discussion 
A Mann-Whitney U test was conducted to compare the Visual Management tools 
application score (based on Likert scale) in GCs and Owners. There was significant 
evidence to suggest that GCs and Owners have different scores of VM application at the ρ 
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<0.05 for the Levels 1. The mean scores show that for VM Level 1, GCs have greater score 
than Owners.  
GC vs. Designer 
Assessing Normality 
Table 5.14 shows the sample size and frequency distribution of VM Levels among 
the GC and Designer groups. As previously mentioned, the chi-square goodness-of-fit test 
is not very effective at proving normality, since the Designer sample is lower than 80. Thus, 






VM Level 1 VM Level 2 VM Level 3 
GC 
1 12 6 16 
2 8 14 23 
3 16 27 22 
4 50 39 29 
5 61 22 19 
Total 147 108 109 
Designer 
1 3 0 3 
2 3 4 3 
3 6 7 9 
4 13 7 5 
5 7 6 4 
Total 32 24 24 
Table 5.14: GC and Designer Data: Sample size and frequency distribution 
In the Lilliefors test, if the test statistic is larger than CVal, the null hypothesis of 
normally distributed data can be rejected at the corresponding significance level. Therefore, 
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Table 5.15 shows that at a 5% significance level, the null hypothesis can be rejected. 
Consequently, it will be necessary to use non-parametric tests.  
 




Test Stat. 0.27 0.23 0.19 













 Test Stat. 0.27 0.18 0.20 








Table 5.15: Lilliefors test results: GC and Designer samples. 
Hypothesis and Statistical Test 
In this case, the hypotheses focus on comparing the population distributions of the 
GC and Designer group. The results will show if the use of VM tools in GCs is the same 
as in Designers.  
H0: The population distributions in the two groups are the same 
HA: The population distributions in the two groups are not the same 
A Mann-Whitney U test was conducted to compare the population distributions. 
This test is an alternative to the two-sample independent t-test when the data fails the 
normality assumption or if the sample sizes in each group are too small to assess normality. 




Company Sample Statistics VM Level 1 VM Level 2 VM Level 3 
GC 
Size (n) 147 108 109 
Mean 3.95 3.53 3.11 
Designer 
Size (n) 32 24 24 
Mean  3.56 3.63 3.17 
ρ value 0.04 0.82 0.89 
Null Hypoth at 5% significance Reject Don’t Reject Don’t Reject 
Table 5.16: Mann-Whitney U test results: GC vs Designer. 
Results discussion 
A Mann-Whitney U test was conducted to compare the Visual Management tools 
application score (based on Likert scale) in GCs and Designers. There was significant 
evidence to suggest that GCs and Designers have different scores of VM application at the 
ρ <0.05 for Level 1. Furthermore, the mean scores show that for VM Level 1, GC has a 
greater score than Designer. 
Owner vs. Designer 
Assessing Normality 
Table 5.17 shows the sample size and frequency distribution of VM Levels for the 
Owner and Designer groups. As it was previously mentioned, the chi-square goodness-of-
fit test is not very effective to prove normality since the samples size are lower than 80. 









VM Level 1 VM Level 2 VM Level 3 
Owner 
1 6 4 8 
2 3 0 4 
3 10 9 7 
4 10 6 5 
5 11 8 4 
Total 40 27 28 
Designer 
1 3 0 3 
2 3 4 3 
3 6 7 9 
4 13 7 5 
5 7 6 4 
Total 32 24 24 
Table 5.17: Owner and Designer Data: Sample size and frequency distribution 






Test Stat. 0.19 0.20 0.18 













 Test Stat. 0.27 0.18 0.20 








Table 5.18: Lilliefors test results: Owner and Designer samples. 
In the Lilliefors test, if the test statistic is larger than CVal, the null hypothesis of 
normally distributed data can be rejected at the corresponding significance level. Table 
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5.15 shows that at a 5% significance level, the null hypothesis can be rejected. 
Consequently, it will be necessary to use non-parametric tests.  
Hypothesis and Statistical Test 
In this case, the hypotheses focus on comparing the population distributions of the 
Owner and Designer groups. The results will show if the use of VM tools in Owners is the 
same as in Designers.  
H0: The population distributions in the two groups are the same 
HA: The population distributions in the two groups are not the same 
A Mann-Whitney U-test was conducted to compare the population distribution. 
This test is an alternative to the two-sample independent t-test when the data fails the 
normality assumption or if the sample sizes in each group are too small to assess normality. 
Table 5.19 summarizes the results calculated with StatTools®.  
 
Company Sample Statistics VM Level 1 VM Level 2 VM Level 3 
Owner 
Size (n) 40 27 28 
Mean 3.43 3.52 2.75 
Designer 
Size (n) 32 24 24 
Mean  3.56 3.63 3.17 
ρ value 0.74 0.98 0.29 
Null Hypoth at 5% significance Don’t Reject Don’t Reject Don’t Reject 
Table 5.19: Mann-Whitney U test results. Owner vs Designer. 
Results discussion 
A Mann-Whitney U test was conducted to compare the Visual Management tools 
application score (based on Likert scale) in Owners and Designers. There was not 
 50 
significant evidence to reject that Owners and Designers have the same scores of VM 
application at the ρ <0.05 for all Levels. 
Section Summarize 
Taken together, these results suggest that company type has a partial effect on VM 
application score. Specifically, the results suggest that at VM Level 1, the score for GCs is 
greater than both Owners and Designers, which have the same score. At VM Levels 2 and 




VM Level 1 GC > Owner; GC > Designer 
VM Level 2 GC = Owner = Designer 
VM Level 3 GC = Owner = Designer 
Table 5.20: Visual Management by Company Type: Results Summary. 
VISUAL MANAGEMENT BY PROJECT SIZE 
This section explores the effects of project size on Visual Management tools 
application. The findings will be presented in the following three sub-sections:  
 Small vs. Medium  
 Small vs Large  
 Medium vs. Large  
Small vs. Medium 
Assessing Normality 
The Table 5.21 shows the samples sizes and frequency distribution. Although Small 
sample size is larger than 80, it is not recommended to use chi-square goodness-of-fit test 
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to assess the normality due to the small size of the Medium sample. Hence, the normality 





VM Level 1 VM Level 2 VM Level 3 
Small 
1 10 1 10 
2 6 10 19 
3 19 22 25 
4 37 29 17 
5 40 19 11 
Total 112 81 82 
Medium 
1 7 7 11 
2 5 6 6 
3 7 13 10 
4 18 11 14 
5 22 8 4 
Total 59 45 45 
Table 5.21: Small and Medium Data: Sample size and frequency distribution 





Test Stat. 0.25 0.22 0.16 












 Test Stat. 0.26 0.16 0.20 








Table 5.22: Lilliefors test results: Small vs Medium samples. 
 52 
In the Lilliefors test, if the test statistic is larger than CVal, the null hypothesis of 
normally distributed data can be rejected at the corresponding significance level. Therefore, 
Table 5.22 shows that at a 5% significance level, the null hypothesis can be rejected. 
Consequently, it will be necessary to use non-parametric tests.  
Hypothesis and Statistical Test 
The non-normality condition of the data limits the statistical analysis. It is not 
possible to use t-tests to compare the mean or median. Therefore, the hypotheses focus on 
comparing the population distributions of the groups. The results will show if the use of 
VM tools in Small projects is the same that in Medium projects.  
H0: The population distributions in the two groups are the same 
HA: The population distributions in the two groups are not the same 
A Mann-Whitney U-test was conducted to compare the population distribution. 
This test is an alternative to the two-sample independent t-test when the data fails the 
normality assumption or if the sample sizes in each group are too small to assess normality. 




Sample Statistics VM Level 1 VM Level 2 VM Level 3 
Small 
Size (n) 112 81 82 
Mean 3.81 3.68 3.00 
Medium 
Size (n) 59 45 45 
Mean  3.73 3.16 2.87 
ρ value 0.90 0.03 0.69 
Null Hypoth at 5% significance Don’t Reject Reject Don’t Reject 
Table 5.23: Mann-Whitney U test results: Small vs Medium. 
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Results discussion 
A Mann-Whitney U test was conducted to compare the Visual Management tools 
application score (based on Likert scale) in Small and Medium projects. There was 
significant evidence to suggest that Small and Medium projects have different scores of 
VM application at the ρ <0.05 for Level 2. Furthermore, the mean scores show that for VM 
Level 2, Small projects have greater score than Medium projects.  
Small vs. Large 
Assessing Normality 
Table 5.24 shows the samples sizes and frequency distribution. Although the Small 
project sample size is larger than 80, it is not recommended to use chi-square goodness-of-
fit test to assess the normality due to the small size of Large sample. Hence, the normality 





VM Level 1 VM Level 2 VM Level 3 
Small 
1 10 1 10 
2 6 10 19 
3 19 22 25 
4 37 29 17 
5 40 19 11 
Total 112 81 82 
Large 
1 8 2 10 
2 5 7 13 
3 8 11 4 
4 26 25 16 
5 33 12 15 
Total 80 57 58 
Table 5.24: Small and Medium Data: Sample size and frequency distribution 
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Test Stat. 0.25 0.22 0.16 












Test Stat. 0.27 0.27 0.23 








Table 5.25: Lilliefors test results: Small vs Medium samples. 
In the Lilliefors test, if the test statistic is larger than CVal, the null hypothesis of 
normally distributed data can be rejected at the corresponding significance level. Therefore, 
Table 5.25 shows that at a 5% significance level, the null hypothesis can be rejected. 
Consequently, it will be necessary to use non-parametric tests.  
Hypothesis and Statistical Test 
The non-normality condition of the data limits the statistical analysis. It is not 
possible to use t-tests to compare the mean or median. Therefore, the hypotheses focus on 
comparing the population distributions of the groups. The results will show if the use of 
VM tools in Small projects is the same that in Large projects.  
H0: The population distributions in the two groups are the same 
HA: The population distributions in the two groups are not the same 
A Mann-Whitney U test was conducted to compare the population distributions. 
This test is an alternative to the two-sample independent t-test when the data fails the 
normality assumption or if the sample sizes in each group are too small to assess normality. 





Sample Statistics VM Level 1 VM Level 2 VM Level 3 
Small 
Size (n) 112 81 82 
Mean 3.81 3.68 3.00 
Large 
Size (n) 80 57 58 
Mean  3.89 3.67 3.22 
ρ value 0.48 0.93 0.30 
Null Hypoth at 5% significance Don’t Reject Don’t Reject Don’t Reject 
Table 5.26: Mann-Whitney U test results: Small vs Large. 
Results discussion 
A Mann-Whitney U test was conducted to compare the Visual Management tools 
application score (based on Likert scale) in Small and Large projects. There was not 
significant evidence to reject the hypothesis that Small Projects and Large Projects have 
same scores of VM application at the ρ <0.05 for all Levels. 
Medium vs. Large 
Assessing Normality 
Table 5.27 shows the sample size and frequency distribution of Medium and Large 
projects. Here again, the chi-square goodness-of-fit test is not very effective to prove 
normality because the sample sizes are less than 80 (Albright and Winston, 2015). Hence, 








VM Level 1 VM Level 2 VM Level 3 
Medium 
1 7 7 11 
2 5 6 6 
3 7 13 10 
4 18 11 14 
5 22 8 4 
Total 59 45 45 
Large 
1 8 2 10 
2 5 7 13 
3 8 11 4 
4 26 25 16 
5 33 12 15 
Total 80 57 58 
Table 5.27: Small and Medium Data: Sample size and frequency distribution 





 Test Stat. 0.26 0.16 0.20 












Test Stat. 0.27 0.27 0.23 








Table 5.28: Lilliefors test results: Medium vs Large samples. 
In the Lilliefors test, if the test statistic is larger than CVal, the null hypothesis of 
normally distributed data can be rejected at the corresponding significance level. Therefore, 
Table 5.28 shows that at a 5% significance level, the null hypothesis can be rejected. 
Consequently, it will be necessary to use non-parametric tests.  
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Hypothesis and Statistical Test 
The non-normality condition of the data limits the statistical analysis. It is not 
possible to use t-tests to compare the mean or median. Therefore, the hypotheses focus on 
comparing the population distributions of the groups. The results will show if the use of 
VM tools in Medium projects is the same that in Large projects.  
H0: The population distributions in the two groups are the same 
HA: The population distributions in the two groups are not the same 
A Mann-Whitney U-test was conducted to compare the population distribution. 
This test is an alternative to the two-sample independent t-test when the data fails the 
normality assumption or if the sample sizes in each group are too small to assess normality. 




Sample Statistics VM Level 1 VM Level 2 VM Level 3 
Medium 
Size (n) 59 45 45 
Mean 3.73 3.16 2.87 
Large 
Size (n) 80 57 58 
Mean  3.89 3.67 3.22 
ρ value 0.50 0.04 0.16 
Null Hypoth at 5% significance Don’t Reject Reject Don’t Reject 
Table 5.29: Mann-Whitney U test results: Medium vs Large. 
Results discussion 
A Mann-Whitney U test was conducted to compare the Visual Management tools 
application score (based on Likert scale) in Medium and Large projects. There was 
significant evidence to suggest that Medium and Large have different scores of VM 
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application at the ρ <0.05 for Level 2. Furthermore, the mean scores show that for VM 
Level 2, Large projects have a greater score than Medium projects.  
Section Summarize 
Taken all together, these results suggest that project size has a partial effect on VM 
application score. Specifically, the results suggest that at VM Levels 1 and 3, Small, 
Medium, and Large projects have same scores. At VM Level 2, both Large and Small 





VM Level 1 Large = Medium = Small 
VM Level 2 Large > Medium; Small > Medium 
VM Level 3 Large = Medium = Small 




Chapter 6:  Maturity Level Analysis 
This chapter focuses on evaluating the current maturity level of Visual Management 
application in Peruvian construction projects. Although many applications of VM tools 
have been reported in the literature, research on measuring maturity level is scarce. This 
investigation based the maturity measure on the survey results reported in the previous 
chapter. 
MATURITY LEVELS 
This report defines three levels of VM maturity based on Tezel et al. (2005) 
proposal. The survey results show that projects do not build strictly those levels upon each 
other, as suggested by Tezel et al. (2005). Therefore, this report suggests three 




Score < 60% 
Medium 
60% ≤ Score < 80%  
High 
80% ≤ Score ≤ 100% 
VM Level 1 
No evidence of basic 
VM elements 
 




Intensive use of VM 
tools to communicate, 
standardize, project 
management KPIs 
VM Level 2 
 
No evidence of VM 
elements for control 
and leveling 
production 
Partial use of VM tools 




Intensive use of VM 
tools for control and 
leveling production 
VM Level 3 
 
No evidence of 
prototypes, samples or 
mistake-proofing 
systems 








Table 6.1: Visual Management Maturity Level Matrix 
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The score in each level was calculated follow using the following equation: 
 
𝑆𝑐𝑜𝑟𝑒 𝑏𝑦 𝑙𝑒𝑣𝑒𝑙 =  
∑ 𝑆𝑐𝑜𝑟𝑒 𝑜𝑓𝑄𝑢𝑒𝑠𝑡𝑖𝑜𝑛 "𝑖"𝑛𝑖=1
∑ 𝑀𝑎𝑥. 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑄𝑢𝑒𝑠𝑡𝑖𝑜𝑛 "𝑖"𝑛𝑖=1
% 
 
The following sections show detailed information about each maturity level. 
OVERALL MEASURE OF MATURITY LEVEL 
 
n=63 Low Medium High 
VM Level 3  58% 
VM Level 2  69% 
VM Level 1  76% 
Table 6.2: Overall Measure of Maturity Level 
Table 6.2 shows that overall the maturity of Visual Management Levels 1, and 2 
can be categorized as medium. While the maturity of VM Level 3 is low. It supports what 
was mentioned previously, construction projects do not build visual management tools 
upon each other. The Peruvian case study shows that there is similar effort put into Levels 
1 and 2. It also shows that the area the needs the most improvement is VM Level 3.  
MATURITY LEVEL BY TYPE OF INDUSTRY 
Table 6.3 shows the maturity level by type of industry. There are no cases with high 
maturity, all of them are between low and medium. 
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n=63 Low Medium High 












Table 6.3: Maturity Level by Type of Industry 
At VM Level 1, Building and Infrastructure show better performance than 
Industrial. However, at VM Level 2, and 3, Industrial shows much better performance than 
Building and Infrastructure. Building presents medium maturity at VM Level 2, and low 
maturity at VM Level 3. While Infrastructure presents low maturity both at VM Level 2, 
and VM Level 3. 
MATURITY LEVEL BY TYPE OF COMPANY 
Table 6.4 shows the maturity level by type of company. There is a clear difference 
between the GC group and the rest. In the three maturity levels, GC is consistently higher 







n=63 Low Medium High 












Table 6.4: Maturity Level by Type of Company 
Although it does not reach high maturity, GC shows better performance than 
Owners and Designers. At VM Level 1, Owners (69%) have a better score than Designers 
(63%). However, at VM Levels 2 and 3, Designers have better scores. 
Additionally, the lowest scores are for VM Level 3, especially with Owners and 
Designers (49% and 54%, respectively). 
MATURITY LEVEL BY PROJECT SIZE 
Table 6.5 shows the maturity level by project size. Large projects are slightly better 
in the three maturity levels than Medium and Small projects, although at Level 2, Small 
projects have a slightly better score than Large projects (71% and 70%, respectively). 








n=63 Low Medium High 












Table 6.5: Maturity Level by Project Size 
At VM Level 1, Large projects have the highest maturity with 78%, then Small 
projects with 76%, and finally Medium projects with 73%. At VM Level 2, Large and 
Small projects have 70% and 71%, respectively, while Mediums receive the lowest score 
with 63%. Finally, at VM Level 3, Medium and Small projects have low maturity scores 




Chapter 7:  Case Studies 
The author visited 10 construction projects located in Peru (eight from city of Lima, 
one from city of Piura, and one from city of Pichanaki). The projects were chosen randomly 
based on the survey respondents. The author requested survey participants to arrange an 









Project 1 Lima GC Building  Small 
Residential building 
8 stories 
Project 2 Lima GC Building Small 
Office building  
5 stories 
Project 3 Lima Owner Building Medium 
Residential building 
18 stories 
Project 4 Lima GC Building Medium 
Residential building 
23 stories 
4 basement levels 
85 apartments 
Project 5 Lima  GC Building Medium 
Office building 
18 stories 
Project 6 Piura GC Infrastructure Large 
Hydroelectric project 
Phase I: 13Km of water 
transfer tunnel 
Project 7 Lima Owner Building Small 
Office building 
16 stories 
Project 8 Lima GC Building Medium 
New school facility 
5 stories 
50,000 sq ft 
Project 9 Lima GC Industrial Large 
Refinery Facility 
816,000 sq ft 
Project 10 Junin GC Infrastructure Medium Cable-stayed bridge 
Table 7.1: Characteristics of Case Study Projects 
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As it is shown in Table 7.1, seven were building projects, two were infrastructure 
projects, and one was industrial project. Most of them were categorized as Medium (5 out 
of 10). 
VISUAL MANAGEMENT UNDERSTANDING 
As mentioned in the Literature Review section (Chapter 2) that there is no clear 
consensus about the definition of Visual Management, and survey participant 
understanding about it could have possibly affected in theirs answers. Thus, one of the 
topics discussed during the interviews was the participant’s understanding of “Visual 
Management”. 
The baseline definition considered in this report is that Visual Management is a 
managerial strategy and a fundamental element of the Toyota Production System that 
creates highly visual information fields from which people can pull information for an 
augmented self-management and control (Ohno, 1988; Shingo, 1989; Greif, 1991). 




Visual tools that give you valuable 
information about the project at a glance 
Project 8, Project 9, Project 10 
Visual tools for understanding project 
status 
Project 1, Project 2, Project 5, Project 7 
Visual tools for project control Project 1, Project 6 
Visual tools that improve Safety on site Project 5 
Everything that is visual on site Project 4 
Marketing elements to publish the final 
product 
Project 3 
Table 7.2: Visual Management definition understanding 
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Table 7.2 summarizes the interviewees’ answers in order from those that best match 
the definition used here to those that match the least. Only three of the case studies used a 
broader understanding of Visual Management, which is crucial to take advantage of its 
potential benefits. Half of the projects (5 out of 10) have a partial understanding, which 
limits Visual Management application just to one area such as Safety, Project status 
(progress), or project control (cost, time or productivity indicators). Finally, two projects 
have no knowledge about Visual Management, or they misunderstood the topic.  
VISUAL MANAGEMENT TAXONOMY ELEMENTS  
Table 5.3 displays the visual tools taxonomy applied in Peruvian construction 
projects, based on Tezel (2015)’s Taxonomy categories.  It summarizes the information 
obtained during both the interviews and the site visits. Appendix C shows some of the 
pictures captured during the field visits.  
Visual Management Level 1 
All the case study projects had safety signals as more relevant communication 
visual tools. Those include safety information, warnings, equipment’s ID, company 
policies, shift schedules, etc.  
For improvisational elements, in all the case studies there was evidence of on-site 
construction quality control and assurance; such as marks on floors and walls, notes on 
finished windows and walls, etc. This scenario contrast with the results presented in Table 
4.10, where, based on survey results, 35% of the participants indicated that they had never 
seen improvisational visual elements on field site. 
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Question Project 1 Project 2 Project 3 Project 4 Project 5 


















Key personal pictures 
Safety fences 
Company policies 
Visual ID of safety equipment 










On-site construction QAQC 





Color coded helmets 









Color coded helmets, materials, 
workstations 
ID cards, name tags 
Material grouping 
Site stock area ID 
Site maps 
Area responsible personnel photos 
Q4. Performance Management 




- - - KPI Panel 
Q5. VM to assign/understand 
processes 






Visual weekly plan Site layouts organization 
Q6. VM to production control 
and leveling 
Scaffolding control - - - - 
Q7. VM to in-station quality 
control 
- - - - - 
Q8. Prototypes and samples - - Sample room - Safety gears 
Q9. VM to mistake-proofing 
systems 
- 
Simple devices for 
pipe fitting 
Simple devices for 
pipe fitting 
Simple devices for 
pipe fitting 
Simple devices for pipe fitting 
Q10. 5S Methodology 5S exists partially - - 5S exists 5S Exists 
Table 7.3: Visual Management definition understanding 
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Question Project 6 Project 7 Project 8 Project 9 Project 10 



























Q3. VM with standardized 
elements 
Color-coded helmets, 

















Site stock area IDs 
Location IDs 
Site maps 
Q4. Performance Management 
through VM  
KPI panels at office Safety index board 
KPI panels at site and at 
office 
- - 
Q5. VM to assign/understand 
processes 
Time-Distance charts 




BIM models at office 
Site layout organization 
- 
Q6. VM to production control 
and leveling 
- - - - - 
Q7. VM to in-station quality 
control 
- - - - - 
Q8. Prototypes and samples Safety gears - - - Certain piping systems 
Q9. VM to mistake-proofing 
systems 
- 
Simple devices for pipe 
fitting 
Simple devices for pipe 
fitting 
- - 
Q10. 5S Methodology 5S exists - 5S exists - - 
Table 7.3 continued
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For standardized elements, the most common tools are also related to on-site safety, 
such as color-coded helmets and vests. Cases 1, 3, 7, and 10 are behind in this effort and 
their standardized elements are limited to some Location IDs, and Site Maps. Cases 4, 5, 6 
and 9 have adopted many standardized elements such as site stock area IDs, Location IDs, 
and ID cards or tags, all of which make the work site easier to understand and monitor. 
Finally, visual management tools for monitoring performance management also 
varies among the case studies. While cases 2, 3, 4, 9, and 10 have no visual elements to 
control the key performance index (KPI), cases 1, 5, 6, and 8 have adopted the use of 
physical boards to show the KPI, regularly.  
Visual Management Level 2 
The visual elements within VM Level 2 are those that improve the assignment of 
tasks, or the common understanding, especially of complex processes. All case studies here 
showed a very low application of this tool type. 
Cases 1, 4, 6, and 8 uses graphic schedules, or short period color-coded schedules 
to improve the assignment of tasks. Case 9 stands out for its high use of BIM Models, 
which were broken down by disciplines, workstations, and responsibilities. Cases 2 and 10 
don’t have any visual tool to improve the assignment of tasks or the understanding of 
processes. 
In terms of production control and leveling, only cases 1 and 5 had some effort 
using visual elements such as scaffolding control charts or visual control at warehouses. 
The remaining cases don’t have any visual tools for this purpose. 




 Visual Management Level 3 
Cases 3, 5, 6, and 10 use some types of prototypes on-site. Case project 3 had a 
sample room for marketing purposes and for training workers about the final product. 
Cases 5 and 6 had safety gears to emphasize the different safety elements available on the 
project.  
The most common mistake-proofing systems found on project visits were simple 
devices for pipe-fitting. These devices reduced re-works to fit pipes in concrete elements. 
Finally, regarding to 5S Methodology. It was present in cases 1, 4, 5, 6, and 8. There 
is no discussion on 5S implementation in the case studies because the evaluation of its 
maturity level is outside the scope of this work.  
TOP MANAGEMENT SUPPORT 
As part of the case studies analysis, the interviewees were asked to describe the top 
management support and responsibilities for implementations like Visual Management 
application. 
Although all of the projects had a permanent project team on-site, the commitment 
and support of the management makes the difference in any kind of implementation effort. 
Therefore, it was important to know the relationship between the project practices and the 
top management styles.  
The management maturity for each of the cases studies was divided into three 
levels, based on PMI guidelines, as follows: 
 Ad-hoc (Level 1): No established project management practices, processes, 
or standards – staff are free to use their own methods for managing projects. 
 Partially Managed (Level 2): there are some project management practices, 
processes, and standards – staff are partially free to use their own methods 
for managing projects. 
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 Managed (Level 3): the project management, processes, and standards are 
adopted across the entire organization – staff follow organizational 
standards. 
Cases 1, 2, 3, 4 and 10 are Ad-hoc managed, and every project in managed 
independently. The construction managers are free to establish their own style for 
managing projects. Since there are no corporative management guidelines, there is no 
responsibility to ensure the implementation of practices like Visual Management. 





Ad-hoc Partially Managed Managed 
There is a 
responsibility to 
monitor VM 














Table 7.4: Project Management style of the case studies 
BENEFITS AND BARRIERS 
There were some benefits and barriers identified by the interviewees that could help 





Case Study Benefits Barriers 
Project 1 
✓ Simplicity and effectiveness 
✓ Allows for easy communication of 
important information 
 Top management commitment and 
awareness.  
 If they do not believe in VM 
usefulness, the on-site effort is not 
worth 
Project 2 
✓ Increases productivity 
✓ Reduces communication time 
✓ Make the site a safer place 
 Lack of leadership 
 Lack of training and commitment 
Project 3 
✓ Aids subcontractors 
✓ Reduces on-site interferences 
 Lack of managerial decision 
Project 4 ✓ Improves communication 
 Not all projects are feasible for VM 
application 
Project 5 
✓ Improves safety signals in all 
projects 
 Requires additional resources, but it 
is not possible increase project team 
membership due to current market 
condition 
 More workload for the project team 
Project 6 
✓ Improves efficiency 
✓ Improves communication 
effectiveness 
✓ Avoids misleading information 
 Training people requires additional 
resources 
 Top management ignorance about 
these kind of tools  
Project 7 
✓ All the information related to 
project could be easily 
communicated to all the 
stakeholders (BIM) 
 The old styles for or culture around 
managing a construction project 
Project 8 
✓ Improves project management 
✓ Most effective common means to 
communicate with workers 
✓ Visual tools are a universal 
language 
✓ Visual tools allow project to finish 
on time and under the budget. 
 Communication doesn’t always flow 
effectively to crew members even 
with visual tools 
 Implementation without limits: 
“Neither too much nor too little” 
 Company culture 
Table 7.5: Benefits and barriers to implementing Visual Management 
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Case Study Benefits Barriers 
Project 9 
✓ Simplifies communication 
✓ Everybody can understand the 
project components and location 
quickly 
✓ Timely updating of a 3D model 
allows workers to better visualize 
any project changes, and understand 
their potential impacts. 
 Ignorance about visual tools in 
construction industry 
Project 10 
✓ Improves communication 
✓ Allows self-control and self-
improvement in workplace 
 Top managerial commitment and 
support 
 Lack of leadership 
Table 7.5 continued 
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Chapter 8:  Conclusions 
The following chapter synthesizes the research work developed in the present report. It 
details the main questions that were intended to answer about Visual Management 
application in Peruvian construction projects, and how the findings support the conclusions 
that are presented.  
The present study used a survey and several cases studies to explore the current 
application of Visual Management in Peru. It was conducted to understand the typical VM 
tools that are applied, possible factors or conditions that impact on their application, 
managerial efforts that support their application, most relevant benefits, and potential 
barriers that hinder better implementations. 
VISUAL MANAGEMENT TOOLS 
After examining the answers from 63 survey participants and a variety of 
construction companies, and visiting 10 different construction sites, the author identified 
that survey results contrast with the case studies information, regarding to Visual 
Management tools that are applied on construction sites. 
The survey that was run for the present study intended to explore 10 of the 14 
taxonomy categories developed by Tezel et al. (2015). The results show that the 10 
different types of VM tools (VM tools to communicate relevant information, VM with 
improvisational elements, VM with standardize elements, performance management 
through VM, VM tools to assign and understand processes, VM tools for production 
control and leveling, VM tools to in-station quality control, prototypes and samples, VM 
tools in mistake-proofing systems, and 5S Methodology) are used in Peru, each one with a 
different degree of intensity based on Likert scale.  
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However, the case studies show that there is no evidence of application of VM tools 
for production control and leveling, or for in-station quality control. Also, there is quiet 
limited application of prototypes, samples, and mistake-proofing systems. 
DRIVERS OF VISUAL MANAGEMENT APPLICATION 
The author analyzed the impact of industry type, company role, and projects sizes 
on the Visual Management application. For industry types, the analysis focused on three 
different types: Buildings, which included residential projects, office buildings, and retail 
projects; Infrastructure, which included transportation infrastructure such as highways or 
bridges; and Industrial, which included mining facilities, and refinery facilities. The 
identified company roles were put into 3 grouped: General Contractors, Owners, and 
Designers. Similarly, the projects were divided 3 sizes based on their average budget: 
Large, Medium, and Small. 
The statistical analysis showed that Industry type impacts the Visual Management 
application scores at Maturity Levels 2, and 3 (Advanced Level). For those levels, 
Industrial projects typically received higher scores using visual tools, Buildings received 
lower scores than Industrials, but higher than Infrastructure, which received the lowest 
scores. At the maturity level 1, the analysis shows that Industry type has no impact on the 
application efforts.  
On the other hand, the analysis finds that company role impacts the Visual 
Management application scores at Maturity Level 1 (Basic Level). In this level, General 
Contractors got higher scores than Owners, and Designers. However, the analysis also 
revealed that Company role has impact on VM application scores at Levels 2, and 3. 
Finally, the author found that there is statistical evidence that Project size impacts 
the Visual Management application scores at Maturity Level 2 (Second Level). Where, 
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Medium projects received lower scores than Large and Small ones. Meanwhile, there was 
no impact at Maturity Levels 1 and 3. 
TOP MANAGEMENT SUPPORT 
5 of the 10 case study projects (50%) did not have project management (PM) 
standards. Since there are no corporate management guidelines or goals, there is limited 
effort to implement practices such as Visual Management. 
4 of the 5 projects that do not have PM standards are Buildings. Of those, 3 are 
Residential buildings, and one is an office building. The fifth project that does not have 
PM standards is an Infrastructure project located in Junin, Peru. 
For the case study projects that have PM standards (Managed maturity), two of 
them were classified as Large projects; one was Industrial, and the other was Infrastructure. 
The other two were Medium Office Buildings. 
BENEFIT OF VISUAL MANAGEMENT APPLICATION 
The most relevant benefits found by the case study projects are the improvement in 
communication across the entire project and the better on-site coordination. The simplicity 
and effectiveness of visual tools are considered the key characteristics for implementation.  
Other benefits that are mentioned in the case studies are a positive impact on 
productivity, safer work areas, improved subcontractor work, and reduced trade clashes 
on-site. 
BARRIERS OF VISUAL MANAGEMENT APPLICATION 
The barriers identified by the case study projects can be summarized in three 
groups: unfamiliarity with VM, lack of upper management support, and current market 
situation. Lack familiarity with Visual Management limits the opportunities to implement 
it with a singular strategy limiting it to ad-hoc and non-formal visual elements spread 
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throughout the project. The lack of upper management support includes poor managerial 
leadership, lack of commitment, and difficulty in making decisions to improve project 
performance. For the market situation, the case studies show that budget and staff cutbacks 
and the current construction industry downturn in Peru, makes it difficult to implement and 




Chapter 9:  Discussion 
The present work examines the Peruvian construction industry as a whole, rather than a 
single case study. Additionally, it is a starting point for exploring Visual Management as a 
strategy for improving project performance and increasing transparency, by serving as a 
common language among team members.  
FINDINGS DISCUSSION 
Although the survey participants were randomly selected, the distribution of 
responses did not fit a normal distribution as expected. In all the cases, the distribution had 
a left tail suggesting two possible scenarios: 1) Peruvian construction projects have a 
mature level in Visual Management application. 2) Participants tended to be optimistic 
about their answers, and they selected higher maturity values for their projects’ VM 
implementation. Analysis of the case studies showed that the maturity level, even at Level 
1 (Basic Level), is categorized as Medium. Consequently, it confirms the second 
aforementioned scenario. Thus, respondents’ behavior had to be taken account not only 
during the descriptive analysis, but also during the statistical analysis, using non-parametric 
tests instead of t-tests or ANOVA. 
The statistical analysis about the influence of Industry, Company, and Project size 
on Visual Management application serves as a starting point to design, implement, and 
improve application strategies. This report mentions with 95% of significance that; at 
Maturity Level 1 (basic level), GC companies have higher score than Owner and Designer. 
Since this level is focuses on communication issues, the results suggest that GC companies 
may be the ones that make more effort to improve it throughout VM elements. At Level 2 
(second level); Industrial projects have higher score than Building and Infrastructure. 
While, Large and Small projects have higher score than Medium projects. Since this level 
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is focuses on work facilitator elements, the results suggest that Medium project, specially 
Buildings and Infrastructures, may have opportunities to improve their implementation 
following the strategies of Large and Small projects to control and leveling production 
(second level of maturity). Finally, at Level 3 (advanced level); Industrial, Building, and 
Infrastructure projects have not the same score at the 95% of significance, which suggests 
a possible impact of industry type.  
Further studies about the influence of industry type, company type and project size 
on the VM maturity levels would be necessary to understand better the correlation and 
prioritize Visual Management implementation effort.   
LIMITATIONS 
One of the most relevant limitations of the present study was the conduction of the 
survey. The nature of questionnaires requires that questions be short, simple, and 
completely clear. However, the topic, in this case Visual Management, is not widely 
known, therefore the elaboration of the survey was challenging. The author used figures to 
address the questions better, and make them simple for the participants. 
Another limitation was the participants’ availability, not only to respond the survey, 
but also to arrange site visits, and interviews. Although Qualtrics allowed the author to 
distribute easily the survey through email, the rate of responses was very low at the 
beginning. The author also spent two months arranging the interviews and site visits to the 
10 case study projects. 
In measuring the maturity level of the projects, the author expected to present a 
unique scale, able to show the maturity of a project. However, after reviewing the available 
literature and analyzing the aforementioned survey and case study information, it was 
found that projects applied visual tools from different levels arbitrarily. Therefore, the 
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maturity measure by level presents a better approach about a project’s performance 
regarding to Visual Management.  
RECOMMENDATIONS 
The statistical analysis presented on this report about the influence of industry, 
company, and project sized on the Visual Management application serves as a starting point 
to design an implementation strategy. It suggests that at Level 1 (basic level), the type of 
company may play a key role, and VM tools at this level should be selected based on the 
type of company (GC, Owner, or Designer). Then, at Level 2 (Second Level), the project 
size seems to be influential. Consequently, VM tools related to production control and 
leveling should be selected considering the size of the project. Finally, at Level 3 
(Advanced Level), the type of Industry may drive the VM application strategy. The flatness 
nature of Industrial projects and its complexity could explain the necessity of more VM 
tools in these types of projects. Building and Infrastructure projects could be benefited 
following the VM tools that Industrial projects use. 
The present research effort could be extended in many ways. First, it is always 
possible to further explore the status of Visual Management in construction projects. This 
study explored 10 projects and most of them were in Lima. The largest industry in this 
study was Building, therefore it would be useful to complement it with more Industrial, 
and Infrastructure projects. Further exploration could also use the suggested maturity level 
measure to compare and validate the results of the present work. Second, it is possible to 
recommend an implementation strategy of Visual Management, based on the barriers, 
benefits, and status previously discussed. Most of the visual tools currently used in 
Peruvian construction projects are at the Basic Level. This is an opportunity, then to 
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explore and implement the Second and Advanced levels and improve construction process 
assignment, quality control, information review, production control and leveling, etc. 
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Appendix C: Photo gallery  
 
Visual Management tools to communicate relevant information 
 
Safety signals to mark workstation 
 
Plastic fences to delimit work areas 
 
Board with relevant information 
 
Visual Management with improvisational elements 
 
Mark on column indicating floor height 
 








Color-coded legend for trash cans 
 
Labeled power outlet 
 
Unique type of mesh to divide areas 
Visual Management to assign and understand process 
 
Visual procedure to control tower crane 
 
Workspace areas layout 
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Quarries location layout (highway project) 
 
Visual Management to production control and leveling 
 
Collaborative schedule (highway project) 
 
Trades distribution and control (building project) 
 











Visual Management with prototypes and samples 
 
Sample room (apartments building project) 
Visual Management with mistake-proofing systems 
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